WORLD INTEUJECTUAL PRO] 
International . 



PCX 

INTERNATIONAL APPUCATION PUBUSHED UNDE 



wo 9(0B589A2 



(51) Intematioiial Pfetent ClasslAcaUoD ^ i 
C25B 9AM), 104, 15/02 



A2 



(11) IiitmMitlonaPublteCloD Number: 
(43) InteniBUooal Publkfttkm Date: 



WO 9^589 

21 Mareh 1996 (21X)3.96) 



(21) laternfttioiiai A|>plkaUQD Number: PCT/QB95/D2I45 

(22) International Filing Date: 11 September 1995 (1L09.95) 



(30) Priority Data: 
941S598i) 



14 Sq^tember 1994 (IA,09S4) OB 



(71) Applicant (for ali designated States except US)i BRITISH 

NUCLEAR FUELS PLC [GB/GB); Risley. Wanington, 
Cheshim WAS 6 AS <GB). 

(72) Inventmrs; and 

(75) Inventon/Applkants (far US onfyy, HODGSON, Graham 
[GB/GB]; British Nuclear Fuela pic. Springfield Works, 
SaJwick, Pirston PR4 OXJ (GB), HEARNE, Martin, Peter 
[GB/GB]; British Nuclear Fuels pic. Springfield Worlds* 
Saiwick, Pieston PR4 0X1 (GB). 

(74) Agents: GODDARD, Davld» John et al.; Harrison Goddaid 
Fooce, 1 Cottage Road^ Leeds LS6 4DD (GB). 



(81) Deaignatecl States: CA, CN, JP, KR, US, European patent (AT, 
BE, CH, DE, DK, ES, PR, OB, GR, DE, IT, LU. MC, NL. 
VT.SE), 



Published 

Without internaticnal search report and to be republished 
upon receipt of that report 



(54) Title: FLUORINE CELL 
(57) Abstract 

An on-demand fluorine cell is described together 
with the construction of a suitable anode and a mesna 
mounting die anode within the cell. The fluorine 
cell comprises a cell container (12) having a cathode 
compartment (34) and an anode compartment (36), the 
anode compaitmcnt having an anode (40) therein, the 
cathode compartment and the anode compartment having 
separation meana (22) therebetween bo as to separate 
fluorine gas and hydrogen gas generated during operation of 
said fluorine ceU but said separation means allowing passage 
of electrolyte between said compartments; said anode 
extending below a lower end (30) of the separation means 
and being continuously in contact wilb the electrolyte, 
control sensor (60, 62) means in at least one of said 
compartments to sense the level (32) of electrolyte in said 
at least one compartment; electric current supply means 
responsive to signals from said control sensor means so as 
to cither start or stop cunent supply in accocdanoe with said 
signals. 



68 

70 



50. 



50 36 



5d 



56: 



45 



72^ Vl6 



FtM THE PURPOSES OF IffFtOtMATlON ONLY 
VpiU:,Sl^£ ^ St«« p«,y W the per on the front page of pamphteu pubUrting intemationd 



AT 


Auurk 


MS 


Auftr»Ut 


KB 


ButMdot 


EE 


Belgium 


BF 


BufUu F«o 


BO 


Bulgarii 


BJ 


Benin 


BR 


Bnzil 


BY 


Bcktm 


CA 


Qmadt 


CF 


Oditna A&icM RcpuMk 


CG 




CH 


Swkxerlud 


CI 


Ctedlrabe 


CM 


CumooB 


ON 


Chinm 


CS 


CzechotlovtlDa 


CZ 


CzDcli Rqniblic 


DE 


Ocvmany 


DK 




ss 


SfMia 


n 




FR 


Fnikoe 


GA 


Gabao 



GB 


United KJofdoill 


GE 


Georpa 


GN 




GE 


GfDDce 


m 


Huntaqr 


IB 




IT 


Wy 


JP 




K£ 


Kenya 


KG 




KF 


DcfDOcnUc People*! Refmbiic 




of Korea 


KR 


Republic of Kent 


KZ 


KizakhitMi 


U 


LiochttnttBia 


LK 




LU 


Lnxcniboiiis 


LV 


LmvU 


MC 


Monaco 


MD 


Republic of Moldova 


MG 


MadagMcar 


ML 


Mali 


MN 


MaAkDlia 



MK 


Mai&ittiila 




MW 


Malawi 




NE 


Nigtf 




NL 


Netfaariattdb 




NO 


Norway 




HZ 


New Zealao 


d 


PL 


PMnd 




FT 


PDinigil 




RO 


RcouAia 




RU 


RuMiaFcd 


cntkui 


SD 


Sadan 




5E 


Sweden 




SI 


Slovenia 




5K 


Slovakia 




SN 


Seoegal 




TD 


Chad 




TO 


Togo 




TJ 






TT 


Trinidad and 


Tobitgo 


VA 


Ukzaine 


US 


United States 


of Anctica 


uz 


Uztddaian 




VN 


Viet Nam 





WO!Ny08589 FCT/CB9»02M5 
FLUORZME CEX.I. 



The present invention relates to a fluorine cell and 
particularly, though not exclusively, to an on-demand 
type of fluorine cell for the production of fluorine gas. 

Electrochemical cells for the production of fluorine are 
known in the art. Many large-scale fluorine producing 
cells and employing currents in the region of 1000 amps 
and above are operated substantially continuously or at 
least have the hydrogen fluoride electrolyte maintained 
in a permanently molten condition to prevent damage to 
the electrodes on freezing. Such fluorine producing 
plants are used for supplying fluorine to large-scale 
production processes which are normally operated 
continuously and where the fluorine production rate can 
be accurately matched to the demand. 



A particular problem arises when small-scale production 
cells are contemplated using production currents of less 
than about lOOO amps and where the fluorine demand is 
intermittent and/or cannot be accurately predicted. Such 
users frequently require fluorine at irregular intervals 
and in relatively small quantities. Examples of such use 
may be research environments such as in Universities or 
in industrial research laboratories, if the cell is shut 
down after each use, lengthy start-up procedures are 
usually required to generate fluorine again which gives 
rise to inconvenience and inefficiency. 
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Frequently, conventional small-scale fluorine cells are 
simply left running between uses so. as to ensure a prompt 
fluorine supply • An on-line lute pot or seal pot 
sometimes being employed. Thus, fluorine and 

consequently hydrogen fluoride electrolyte is wasted due 
to the necessity of blowing-off fluorine. 

Conventional fluorine cells tend to be either troublesome 
or wasteful, due to the difficulties in matching fluorine 
output to need. If the cell is set below the fluorine 
needs of the process, insufficient fluorine is produced, 
and if the output is set above the process requirement, 
fluorine is wasted due to blow-off. Due to these 
difficulties many users opt for their supply of fluorine 
in pressurised cylinders. 

Another problem which arises with known cells is in the 
construction of their anodes which are generally made 
from hard carbon which is attached to an anode hanger by 
means of copper pressure plates which sandwich the carbon 
therebetween by means of bolts. This method had been 
found to be unreliable due to corrosion products 
degrading the electrical contact between the carbon anode 
and copper pressure plates. 

A further problem which arises is that generally known as 
stud-fires and stud-leaks. Known cells have their anode 
hangers passing through the cell lid and insulated 
therefrom by plastics material, seals. A considerable 
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amount of heat can be generated during operation of a 
fluorine cell due to the passage of electrical current 
and the resultant resistance heating. This problem can 
also be exacerbated by the above noted problem of poor 
electrical contact between the anode and anode connector 
or hanger. Such heating greatly increases the chances of 
a runaway reaction between the seal material, often a 
fluoroelastoiaer rubber, and the generated fluorine, thus 
causing a fluorine leak. In extreme cases, the seal and 
the jnetal of the electrical connection stud actually burn 
in the stream of fluorine gas producing a stud-fire. 

A yet further problem with known fluorine cells is that 
of ensuring accurate vertical alignment of the anode 
within the anode compartment so as to guarantee even 
separation of anode and cathode and, in the extreme case^ 
that no electrical contact whatsoever is made with the 
surrounding cell walls which may constitute the cell 
cathode. A consequential problem of the inaccuracy of 
anode mounting with known cells is that fluorine bubbles 
sometimes find their way into the hydrogen side of the 
cell and results in a violent reaction during 
recombination of the fluorine and hydrogen. 

GB 1 561 212 describes a hydrogen generating cell by the 
electrolysis of water, the generation of hydrogen being 
controlled merely by the pressure thereof depressing the 
water level below the level of the cathodes so as to 
terminate electrolysis. This is not practicable with a 
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fluorine cell due to the very low conductivity of the 

electrolyte giving rise to very high resistance between 

anode and cathode exacerbated by excessive path lengths 

EP-0150 285 Al describes a fluorine generating cell but 
is constructed for continuous supply of fluorine. 

It is an object of the present invention to produce an 
on-demand fluorine cell which overcomes the above 
specified problems of waste and/ or inconvenience of use. 

It is a further object of the present invention to 
provide an anode construction which is more reliable than 
known constructions. 

It is a yet further object is to provide an improved 
means of securing the anode within the cell. 

It is yet another object of the present invention to 
provide a cell construction such that the stud-leaks and 
stud^fires are obviated. 

According to a first aspect of the present invention 
there is provided a fluorine cell for the production of 
fluorine, the fluorine cell comprising: a cell container 
having a cathode compartment and an anode compartment, 
the anode compartment having an anode therein, the 
cathode compartment and the anode compartment having 
separation means therebetween so as to separate fluorine 
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gas and hydrogen gas generated during operation of said 
fluorine cell but said separation means allowing passage 
of electrolyte between said compartments; said anode 
extending below a lower end of the separation means and 
being continuously in contact with the electrolyte; 
control sensor means in at least one of said compartments 
to sense the level of electrolyte in said at least one 
compartment; electric current supply means responsive to 
signals from said control sensor means so as to either 
start or stop current supply in accordance with said 
signals • 



In particular, the cell is suited to on-*demand production 
of fluorine gas but may also be used to generate other 
gases by changing the electrolyte. For example, nitrogen 
tri fluoride can be generated by using an ammonium 
fluoride based electrolyte. Therefore, any reference to 
fluorine in this specification is to be taken as a 
reference to other appropriate gases which may also be 
generated by changing the electrolyte. 

The separation means may be a skirt member which extends 
below the surface of the electrolyte within the cell such 
that there are produced two separate compartments; an 
anode compartment and a cathode compartment; above the 
electrolyte surface. The compartments are capable of 
withstanding significant hydrogen or fluorine gas 
pressure. The compartments above the electrolyte surface 
may be sealed and have means communicating therewith to 
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allow either fluorine or hydrogen as desired to be vented 
or extracted for whatever purpose. Such icteans many 
comprise conduits and valves for example. 

The cell container may have heating means so as to be 
able to heat the electrolyte therein to render it molten. 
Such heating means may comprise electrical resistance 
heating or steam, for example. 

The cathode may be provided by virtue of the cell 
container per se or may be separately provided within 
said cell container* 

The control sensor means may comprise at least one sensor 
so as to control a device which controls electrolysis, ie 
a device which controls the supply of electric current to 
the electrolyte. The sensor means may comprise a probe 
which extends into the anode compartment, for example, 
and produces a signal in response to the level of the 
electrolyte surface. The probe can be of any suitable 
foirm and may be selected from those that depend on 
electrical continuity or contact, capacitance or on 
optical transducer means to read the electrolyte level in 
the anode compartment • 

The anode compartment has an anode therein, at least the 
lower end of which extends below the lowest extremity of 
the separation means and is thus, continuously at least 
partially immersed in the electrolyte. The anode extends 
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• below the lower extremity of the separation means so as 
to provide minimum path length between anode and cathode. 



As fluorine is produced in the anode compartment and is 
lead away for use, the electrolyte level may remain 
substantially constant. However, if the extraction of 
fluorine from the cell is stopped, the generation thereof 
continues and the pressure of fluorine in the cell anode 
compartment increases with the result that the level of 
the electrolyte surface in the anode compartment is 
depressed. This continues until a point at which the 
sensor means is preset to produce a signal, in response 
to which the electrolysis controlling device stops the 
supply of current to the cell, and electrolysis is 
stopped and the fall in surface level of the electrolyte 
also stops. When fluorine withdrawal from the anode 
compartment is again initiated for whatever reason, the 
electrolyte level in the anode compartment begins to rise 
as the fluorine pressure in the anode compartment falls. 
The sensor means then detects the rising surface level 
and electrolysis is again started in response to the 
signal from the sensor means to the electrolysis 
controlling device. At no time is the anode removed from 
contact with the electrolyte due to the depressed surface 
level thereof. 

Thus, a particular advantage of the present invention is 
that the anode compartment may provide a fluorine 
reservoir and that the rate of fluorine production may be 
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set somewhat above that actually required since the 
supply will automatically turn itself on and off in 
response to signals from the sensor means in response to 
rising and falling electrolyte surface level ♦ In prior 
art cells, the fluorine production rate had to be 
accurately controlled by precise current level control or 
the cell would over- or under-produce depending upon the 
rate of fluorine extraction from the cell. The cell of 
the present invention is substantially self -regulating 
and does not waste fluorine or hydrogen fluoride by 
unnecessary blowing-off • 

The sensor means also provides a fail-safe protection for 
the cell. If the fluorine pressure should inadvertently 
rise due to a downstream blockage, for example, the 
sensor will cut off the current supply and thus stop 
electrolysis. With conventional cells, in extreme cases, 
it has been known for fluorine and hydrogen gas to react 
within the cell due to one or the other bubbling into the 
other compartment • Such occurrences are extremely 

dangerous and the fail-safe nature of the cell of the 
present invention is a particular advantage. 

Another particular advantage of the fluorine cell of the 
present is its ability to produce fluorine at a desired 
pressure. This is due to the fact that the fluorine gas 
pressure in the anode compartment results from the height 
difference between the electrolyte in the anode 
compartment and in the cathode compartment. Preferably, 
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the hydrogen, or cathode, compiirtinent may always be 
operated at atinospheric pressure (or slightly above) for 
safety reasons* Therefore, the maximum fluorine gas 
pressure for a given cell construction may be controlled 
by the position at which the sensor means is preset to 
read the electrolyte surface level, ie the level at which 
electrolysis is automatically shut off. Therefore, once 
the fluorine production rate is set above actual plant 
demand, the fluorine gas will be safely maintained at a 
predetermined pressure. 

The maximum pressure which may be attained will be 
governed by the depth to which the separation member 
extends into the electrolyte. In one embodiment of the 
present invention, a fluorine cell has been constructed 
with a skirt member extending 600mm below the electrolyte 
surface giving a fluorine gas pressure of 1000mm water 
gauge. Such a cell having fluorine at elevated pressure 
has operated safely and reliably due to the presence of 
the level detecting sensors controlling the electrolysis. 
Operation of the cell at raised fluorine pressure without 
the level detecting sensors would be hazardous due to the 
explosive nature of the recombination of fluorine and 
hydrogen . 

m a preferred embodiment of the present invention, there 
may be provided a second sensor means to detect a maximum 
electrolyte surface level in the anode compartment. The 
second sensor means may also be used as a fail-safe 
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device in the case where, for some reasons, excessive 
hydrogen pressure is being developed in -the cathode 
compartment and is forcing the electrolyte level in the 
anode compartment to rise. Once the second sensor means 
detects the electrolyte level at the maximum permitted 
height within the anode compartment, the device 
controlling electrolysis will again shut off the current 
supply. In this case hydrogen will cease to be. produced 
and is prevented from finding its way into the anode 
compartment and causing a violent reaction with the 
fluorine gas« 

The first and second sensor means may both work on the 
same physical principles or on different principles. For 
example, one sensor may be an electrical continuity 
sensor whilst the second sensor may be a pressure 
transducer . 

The first and second sensor means may be situated either 
within the anode compartment or within the cathode 
compartment so as to read electrolyte surface level. It 
will be appreciated that as the electrolyte level in one 
compartment rises, the level in the other compartment 
will fall and vice versa. 

According to a second aspect of the present invention 
there is provided an anode construction for a fluorine 
cell, said anode comprising a carbon anode portion, said 
anode portion having a metallic hanger portion attached 
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thereto by fixing means and a coating of a metal applied 
to at least the area in the region of the junction 
between said anode portion and said hanger portion. 

Preferably, the carbon anode comprises a substantially 
non-porous, low permeability carbon, for example carbon 
grade FE-5 (Trade name) produced by the Toyo Tanso Carbon 
Company, Japan or YBD (Trade name) type carbon produced 
by Union Carbide Corp, USA. 

The hanger portion may be attached to the anode portion 
by mechanical means such as bolts or screws, for example, 
the anode portion being, for example, tapped to receive a 
screw thread. 

The area of the junction between the hanger portion and 
the anode portion is coated with a metal which may be 
substantially the sane metal as that of the hanger 
portion or may be a different metal. In one embodiment 
of the present invention, the hanger portion may be made 
of nickel or a nickel-based alloy and the coating may 
also be nickel or a nickel-based alloy. However, any 
metal known in the art to be suitable for the purpose may 
be employed. 

The coating which is applied to the junction between the 
anode portion and the hanger portion is preferably 
applied by a physical vapour deposition technique such as 
flame- or plasma- spraying, for example. Alternatively, 
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the coating may be applied by chemical vapour deposition 
methods * 



A further treatment may be applied to the region of the 
carbon anode portion which is to receive the metal 
coating. Such treatment Hiay include a surface treatment 
such as roughening by mechanically abrading or by a 
suitable chemical etching treatment. Alternatively, a 
pattern of grooves with width and depth in the range 0*5- 
5mm may be used* For example, a square grid pattern of 
grooves imm wide by 3mm deep on a pitch of 3mm is 
machined into a suitable carbon block* This provides a 
good key for the next stage of the process* The treated 
area may then be treated as by the application of an 
intermediate coating such as pitch, for example, which 
may be applied by techniques such as dipping, brushing or 
spraying. Such intermediate coatings may be heat treated 
so as to drive off volatile constituents or to chemically 
affect the coating such as by heating under a reducing 
atmosphere , for example « 

It has been found that anodes produced according to the 
second aspect of the present invention give improved 
electrical contact and are not susceptible to electrical 
degradation due to corrosion products produced between 
the carbon and the metal hanger* 

According to a third aspect of the present invention 
there is provided an anode mounting arrangement within an 
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anode compartment of a fluorine cell, the arrangement 
comprising an anode portion having flexible hanger means 
connected thereto, said flexible hanger means being 
connected to a wall of said anode compartment so as to 
allow movement between said anode and the walls of said 
anode compartment and electrically insulating guide 
members interposed between said anode and said walls* 

According to a feature of the third aspect of the present 
invention, the flexible hanger means may be connected to 
an inner surface of the anode compartment by a method 
such as, for example, welding whereby no through-hole is 
produced in the wall of the anode compartment, an 
electrical connection stud being connected by suitable 
means such as, for example, welding on the anode 
compartment outer surface. This arrangement obviates the 
occurrence of stud-leaks and stud-fires since there is no 
need to provide sealing means at this point and neither 
is there a hole through which fluorine can leak at the 
anode attachment point. 

The flexible anode hanger may comprise a metal rod such 
as a mild steel material. However, any other suitable 
metal may be used. The term '^'^f lexible • ' is used to 
denote the ability of the anode to deflect so as to be 
able to accommodate any movement or dimensional 
inaccuracies between the carbon portion and the 
insulating guide members. 
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The electrically insulating guide members may preferably 
comprise wholly or partially f luoro-plastics materials, 
for example, such that the anode with the flexible hanger 
member becomes self aligning within the anode compartment 
of the fluorine cell. Alternatively, ceramic materials 
such as alimina for example may be employed, provided 
thai: such ceramic guides are positioned such that they do 
not become wetted by the liquid electrolyte. 

Such guide members may be attached to the wall or walls 
of the anode compartment. Alternatively, the guide 
members may be attached to the anode member itself, to 
cathode plates or to the base of the cell. The best 
position may be dependant upon the internal geometry of 
each particular cell. 

The anode compartment may be rectangular in cross 
section, in which case the guide members may be attached 
preferably, to each wall. The anode compartment may 
alternatively be substantially circular in cross section, 
in which case, the guide member may be either circular or 
may comprise two or more arc-shaped segments. 

Guide members may be situated at one axial position and 
be of relatively long axial length or may be placed at 
two axial levels and be, for example, relatively shorter 
in axial length* 
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The guide members have been found to maintain electrical 
insulation between the anode and anode compartment wall. 
A particular advantage of the mounting structure of the 
present invention is that it has been found possible to 
allow the electrolyte to freeze without damage being 
caused to Hhe anode by contraction effects. The flexible 
hanger means allows some movement of the anode relative 
to the anode compartment walls such that shrinJcage of the 
electrolyte during freezing may be automatically 
compensated; and, the insulation members prevent any 
possible contact between the anode itself and the anode 
compartment walls. 



In order that the present invention may be more fully 
understood, examples will now be described by vay of 
illustration only with reference to the accompanying 
drawings, of which: 



Figure i shows a cross section through a schematic 
diagram of a fluorine cell according to the present 
invention; 



Figure 2 shows a schematic view of an anode according to 
the present invention; 

Figure 3 shows a cross section through the anode 
compartment of Figure 1 along the line 3-3; 
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Figure 4 shows a cross section tJirough the anode of 
Figure 3 along the line 4-4; and 



Figures 5A to 5D which shows schematically the working of 
the fluorine cell of Figure 1 under different conditions » 

Referring now to the drawings and where the same features 
are denoted by common reference numerals. 

In Figure 1 a cross section through a schematic diagram 
of a fluorine cell according to the present invention is 
shown generally at 10, The cell comprises a cell 
container 12 of mild steel construction, the cell 
container being cathodic. The cell container is provided 
with an e lect r i ca 1 res istance heat ing j acket 14 for 
melting the electrolyte 16 within the cell« To the top 
of the cell container is fixed a sealing plate 18 which 
is insulated from the cathodic cell container by an 
insulating and sealing member 20- An electrically 
neutral skirt member 22 made of, in- this case, Monel 
(Trade mark) metal depends from the plate 18 and also 
extends upwardly therefrom to a flange member 24. A 
sealing lid member 26 is fixed to the flange 24 but is 
insulated therefrom by a sealing and insulating member 
28, the lid 26 being anodic. The skirt member 22 extends 
downwardly and has its end 3 0 immersed in the electrolyte 
16 so as to form two distinct chambers above the level 32 
of the electrolyte? a cathode compartment or hydrogen 
chamber 34 and an anode compartment or fluorine gas 
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Chamber 36 which are separated from each other by the 
skirt member 22 and the electrolyte surface 32. Within 
the anode compartment 36 is an anode, shown generally at 
40, and suspended from the sealing lid 26 by a flexible 
anode hanger 42 in the form of a mild steel rod which is 
welded 44 to the underside of the lid 26 (the 
construction of the anode 40 will be dealt with below in 
more detail with reference to Figure 2) - The anode 
extends below the end 30 of the skirt member 22. 
Attached to the wall on the anode compartment 36 side of 
the skirt 22 are anode guide blocks 46 of f luoro-plastics 
material which maintain the anode 40 substantially 
central within the anode compartment 36 and prevent 
contact of the anode 40 with the skirt 22. On the outer 
surface of the lid member is welded 48 an anode connector 
stud 50, thus, there is no through-hole provided in the 
lid member 26. In the upper portion of the fluorine 
chamber 36 is an outlet conduit 52 having a valve 54. 
Similarly, in the upper portion of the cathode 
compartment is a conduit 56 having a valve 58. 
Continuity sensor probes 60, 62 are provided to detect 
minimum and maximum heights of the electrolyte level 32, 
respectively. The probes are connected to a device 66 
which starts and stops electrolysis in response to 
signals from the probes by providing a power supply 
indicated at 68,70 to the anode and cathode of the cell. 
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A PTFE base layer 72, is fixed to the inner floor of the 

cell container 12 to prevent the generation of hydrogen 

gas beneath the anode compartment 36 « 

Referring now specifically to Figure 2 and where the 
electrode assembly is again denoted generally at 40. The 
main anode body 80 comprises hard carbon in the form of a 
generally rectangular flat plate. The upper portion 82 
of the anode body 80 is roughened by abrasion such as 
grit^blasting, for example. The roughened portion 82 is 
coated with pitch, in this case by dipping^ but may be by 
brushing or spraying, and is allowed to cure/dry for 12 
hours. The coated anode is then heated at 5-lO^C/minute 
up to 500 to 650^C in a reducing atmosphere for 2 to 3 
hours r followed by furnace cooling to ambient 
temperature. The cooled anode is then drilled and tapped 
and screwed 84 to a nickel hanger block 86 which has a 
flexible mild steel anode hanger rod 42 attached thereto. 
The coated upper portion 82 of the anode, the hanger 
block 8 6 and the lower portion of the flexible hanger rod 
42 are then sprayed with a nickel coating 88 (the extend 
indicated by the line 90) by, for example, plasma- 
spraying. This method of anode preparation has been 
found to give excellent electrical contact, and is not 
susceptible to the corrosion problems of known anode 
constructions . 

In alternative anode constructions , the pitch was 
replaced with either Union Carbide UCAR (Trade mark) 
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grade 34 graphite cement or a mixture of UCAR (Trade 
mark) graphite cement and crushed isotropic (non- 
graphitic) porous carbon having a density of 1.15 gcm"^. 
In both cases the applied material was cured on the anode 
for 4 hours at lOO^C followed by 16 hours at 130^C, The 
anodes were then fired in a hydrogen atmosphere for 30 
minutes at SOO^C followed by cooling to ambient 
temperature* Subsequent processing was as described as 
above » 

Referring now to Figure 5A to 5D which show the main 
features of the cell according to the present invention 
and where various operating conditions are indicated 
schematically. The cell provides the ability to produce 
fluorine gas on demand. The device 66 is set at a 
current level in excess of that anticipated to supply the 
required fluorine gas generation rate. In this condition, 
as shown in Figure 5A the end of the control probe 60 is 
below the surface level 32 of the hydrogen fluoride 
electrolyte 16. In this condition, whilst there is 
continuity of contact between the probe and the surface 
32, electrolysis is continued and fluorine gas is drawn 
off as required through the conduit 52 and valve 54 • 
Since the rate of withdrawal of fluorine is somewhat less 
than the set rate of production, the level 32 is slowly 
depressed by the fluorine gas pressure building up in the 
anode compartment 36. A point is eventually reached as 
shown in Figure 5B where the level 32 is depressed below 
the end of the probe 60, and since there is no longer 
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continuity between the probe and surface 22, the signal 
froTO the probe 60 to the device 66 causes the latter to 
cease current supply to the electrolysis process and 
fluorine production stops. When fluorine is again 
withdrawn from the valve 54^ the pressure in the anode 
compartment begins to fall and the surface level 32 
consequently begins to rise, re-establishing contact 
between the end of the probe 60 and the surface 32, at 
which point the device 66 is signalled to start the 
current supply again as indicated in Figure 5C, All the 
time fluorine is being generated in the anode compartment 
36, hydrogen is being generated in the cathode 
compartment 34, the hydrogen being either vented, used or 
otherwise disposed off through the conduit 56 and valve 
58 in a controlled manner* However, if for some reason 
the hydrogen is not vented or otherwise disposed of, the 
gas pressure in the cathode compartment 34 will rise 
forcing the level 32 in the anode compartment 36 upwardly 
towards the probe 62. At the point where the level 32 
touches the end of the probe 62, the device 66 will 
receive a signal to terminate the current supply so as to 
stop electrolysis as indicated in Figure 5D. Thus, the 
probes 60, 62 form fail-safe safety controls against 
either over-production and under-utilisation of either 
gas or as a safety measure against apparatus failures. 
It will be ftirther noted that at no time does the anode 
become uncovered by the electrolyte being always at least 
partially immersed therein • 
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The apparatus may be constructed so as to produce 
fluorine at a relatively constant pressure by arranging 
for the depth of skirt penetration Into the electrolyte 
to be at a precise level and for the height difference 
between the electrolyte in the anode and cathode 
compartments to be controlled by the depth setting of the 
probe 60. The cell is then run so that it is producing 
substantially more than the anticipated demand and the 
surface level 32 is effectively running constantly as 
shown in Figure 5B. 
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1. A fluorine cell for the production of fluorine^ the 
fluorine cell comprising: a cell container having a 
cathode coxapartment and an anode compartment, the anode 
compartment having an anode therein, the cathode 
compartment and the anode compartment having separation 
means therebetween so as to separate fluorine gas and 
hydrogen gas generated during operation of said fluorine 
cell but said separation means allowing passage of 
electrolyte between said compartments; said anode 
extending below a lower end of the separation means and 
being continuously in contact with the electrolyte; said 
cell being characterised by control sensor means in at 
least one of said anode or cathode compartments to sense 
the level of electrolyte in said at least one 
compartment; electric current supply means responsive to 
signals from said control sensor means so as to either 
start or stop current supply in accordance with said 
signals. 

2. A cell according to claim 1 wherein the separation 
means is a skirt member which extends below the surface 
of the electrolyte within the cell such that there are 
produced two separate compartments; an anode compartment 
for receiving fluorine and a cathode compartment for 
receiving hydrogen; above the electrolyte surface • 

3. A cell according to claim 2 wherein the compartments 
above the electrolyte surface are closed and have means 
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coxranunicating therewith to allow either fluorine or 
hydrogen as desired to be vented or extracted, 

4. A cell according to any one preceding claim further 
including heating means so as to be able to heat the 
electrolyte to render it molten. 

5. A cell according to any one preceding claim wherein 
the control sensor means comprise at least one sensor so 
as to control a device which controls electrolysis. 

6. A cell according to any one preceding claim wherein 
the sensor means comprises a probe which extends into the 
anode compartment and produces a signal in response to 
the level of the electrolyte surface* 

7. A cell according to claim 6 wherein the probe is 
selected from the group comprising electrical continuity 
probes, electrical contact probes, capacitance 
transducers and optical transducers to read the 
electrolyte level. 

a. A cell according to any one preceding claim wherein 
it is arranged to produce fluorine at a substantially 
predetermined pressure by virtue of the relationship 
between sensor setting and height difference of the 
electrolyte in the anode compartment and in the cathode 
compartment. 
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9. A cell according to any one preceding claim wherein 
there is provided a second sensor xnean& to detect a 
maximim electrolyte surface level in the anode 
compartment • 

10. A cell according to claim 1 wherein the sensor means 
are situated either within the anode compartment or 
within the cathode compartment so as to read electrolyte 
surface level • 

11. An anode for a fluorine cell, said anode comprising 
carbon anode portion, said anode portion having a 
metallic hanger portion attached thereto by fixing means 
and a coating of a metal applied to at least the area in 
the region of the junction between said anode portion and 
said hanger portion. 

12. An anode according to claim 11 wherein the hanger 
portion is attached to the anode portion by mechanical 
means such as bolts or screws. 

13 . An anode according to either claim 11 or claim 12 
wherein the area of the junction between the hanger 
portion and the anode portion is coated with a metal 
which is substantially the same metal as that of the 
hanger portion. 
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14. An anode according to any one of preceding claims 11 
to 13 wherein the hanger portion is made of nickel or a 
nickel-*based alloy. 

15. An anode according to any one of preceding claims 11 
to 14 wherein the coating which is applied to the 
junction between the anode portion and the hanger portion 
is applied by a physical vapour deposition technique such 
as flame- or plasma-spraying. 

16. An anode according to any one of preceding claims 11 
to 15 wherein a further treatment is applied to the 
region of the carbon anode portion which is to receive 
the metal coating. 

17* A fluorine cell for the production of fluorine 
according to any one of preceding claims 1 to 10 having 
an anode according to any one of preceding claims ii to 
16. 

IS. An anode mounting arrangement within an anode 
compartment of a fluorine cell, the arrangement 
comprising an anode portion having flexible hanger means 
connected thereto^ said flexible hanger means being 
connected to a wall of said anode compartment so as to 
allow movement between said anode and the walls of said 
anode compartment; and electrically insulating guide 
members interposed between said anode and said walls* 
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19. An anode mounting arrangement according to claim 18 
wherein the flexible hanger means is connected to an 
inner surface of the anode compartment by a method 
whereby no through hole is produced in the wall of the 
anode compartment. 

20. An anode mounting arrangement according to claim 19 
wherein the connection method is welding. 

21. An anode mounting arrangement according to any one 
preceding claim from 18 to 20 wherein the electrically 
insulating guide members comprise f luoro-plastics 
materials. 

22. An anode mounting arrangement according to any one 
of preceding claims 18 to 21 wherein the guide members 
are attached to the wall or walls of the anode 
compartment . 

23. A fluoride cell according to any one preceding claim 
from 1 to 10 and 17 and having an anode mounting 
arrangement according to any one of preceding claims IB 
to 22. 
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24. A fluorine cell substantially as hereinbefore 
described with reference to the accompanying description 
and drawings. 

25. An anode for a fluorine cell substantially as 
hereinbefore described with reference to the accompanying 
description and drawings. 

26. An anode mount ing arrangement for a fluorine ce 1 1 
substantially as hereinbefore described with reference to 
the accompanying description and drawings. 
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